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ABSTRACT 

The Air Traffic Control 1ATC) system is evolving under a 
general plan specified by the Federal Aviation Administration. 
Among the developments being considered is the Discrete Address 
Beacon System (DABS) . The use of this system, alt*v>ugh relieving 
congestion on the communications frequencies, would eliminate 
informatyion about other aircraft because the "party line" com- 
munications now in use would be lost. One alternative to restore 
this lost information is ai. Airborne Traffic Situation Display 
(TSD) . Having been requested to evaluate the "assurance" that 
this display gives the pilot, we defined assurance to be equi- 
valent to awareness, which is true for the majority of pilots. 
Experienced airline and military pilots participated in a fac- 
torial design to evaluate two types of communication {discrete 
address, party line) and two types of displays {TSD, no TSD) • 

A stop-action quiz was useu to evaluate their knowledge of 
other aircrafts' position, altitude, speed, heading, rate of 
climb, identity, and landing sequence number. Significant 
differences between conditions were decected, primarily in the 
position variables. Workload, as measured by a spare capacity 
side-task, showed a main effect of displays and a significant 
interaction between displays and communications. The data are 
summarized by plotting each display /communication condition 
conf igurat ion in the plane defined by information and workload 
index. A limited number of blunders by other aircraft were in- 
cluded in the simulations with a significant, but not entirely 
satisfactory, improvement in blunder detection attributed to 
the TSD. 
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I . INTRODUCTION 

Background 

The basi^ idea of presenting an onboard pictorial 
display of traffic information is not new. This was introduced 
as early as 1946 by RCA in their TELE RAN program (RCA, 1946) . 

In 1963, the PAA conducted simulations using a cockpit display 
(Sluka, 1963), and more recently in 1966, an effort to provide 
televised radar pictures for pilots was tested in the Boston 
area under the direction of the FAA (FAA, 1966) . A priori 
investigations declare that definite advantages for the air 
traffic control ,(ATC) system could be derived from such infor- 
mation, but tha* r the attention span required to derive enough 
information froto a rather poor quality of display was too high. 

What these initial efforts lacked was the ability to provide the 
essential elements of information about traffic in an easily 
discemable format for quick interpretation by the pilot. The 
advent of computerized ml ar tracking systems in the terminal 
area and computer-generated displays now overcomes this previous 
drawback with symbolic . d alpha-numeric presentation of traffic 
information in an appropriate format. 

One approach to the presentation of this information 
is presented by Busn et al (1970) where it is assumed that a 
Traffic Situation Display (TSD) could be devised that would 
make portions of the NAS/ARTS (National Airspace System/Automated 
Radar Terminal System) computerized data base available to the 
air crew by an omnidirectional broadcast of traffic information 
throughout the terminal area. This information would be received 
by all aircraft ?quipped with a TSD and onboard processing would 
be performed to present a symolic representation with either a 

north-up or heading-up display format. 

' academic research labs at M.I»T. participated in 

the design and constructior^of a fixed-based simulator to evaluate 
the concept of a Traffic situation Display with flexible format 
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under pilot control. A basic evaluation of the concept with the 
new display techniques has been completed (Imrich, 1971) with 
initial indications that several aspects of air traffic control 
can be improved through implementation of such a cockpit display. 
Furthermore, it was found that these improvements can reduce 
radar controller workloads significantly by increasing air crew 
participation in ATC functions. Other studies (Anderson, 1971) 
examined the effect of different display formats on pilot's scan 
workload and ability to follow other aircraft in trail. 

Because a pictorial traffic situation display has the 
capability of presenting both navigation information and traffic 
situation information at a glance it became of interest to deter- 
mine whether or not such a display would increase the overall 
flow rate of traffic within tne terminal area under Instrument 
Meteorological Conditions (IMC) as compared to Visual Meteorological 
Conditions (VMC) . Aircraft separations of about 2 or 3 miles are 
maintained during VMC by direct sightings; during IMC, the air 
traffic controller is responsible for maintaining separations and 
these are on the order of 5 miles. Thus the TSD has the potential 
for giving the pilots information nearly equivalent to VMC under 
IMC , with the attendant potential for increasing landing rate by 
reducing separations. 

Scope of the Present Work 

Whether or not the pilots can maintain separations with 
a TSD depends largely on the type and quality of information that 
the pilots have about their position relative to the ground and 
other aircraft. To evaluate the information transfer, we have 
undertaken a set of simulation studies to determine the type of 
information that the pilot has with respect to his navigation 
and traffic situation within the terminal area. The information 
the pilot has about his own aircraft and those surrounding him 
seems to be of general interest, and to our knowledge, this is the 
first time that a quantitative study has been undertaken. We 


evaluated the information transfer under four major treatment 
conditions resulting from the factorial combination of with and 
without TSD and with shared communications channel and discrete 
address commands* No display, shared communications corresponds 
to the present day air traffic control system and provides a 
convenient base line for conparison purposes. No TSD, discrete 
address comnands corresponds to the case where the pilot re- 
ceives only the commands directed towards his aircraft as will 
be the situation under the Discrete Address Beacon System. TSD, 
discrete address commands corresponds to the situation where a 
display is added to the DABS, whereas, TSD, shared communications 
corresponds to the information situation that would exist if 
the TSD were added to the present day ATC system. 

The original request og the sponsoring agency was the eval- 
uation of the TSD as an * assurance" device. To do this, we 
have here equated assurance with awareness. We have defined, 
for the purpose of this investigation, awareness to consist of 
the following elements* 

1. The pilot's knowledge of his current position with 
respect to the air route structure 

2. The pilot's knowledge of the position of other air- 
craft abound him 

3. The pilot's ability to predict the evolution of the 
traffic situation in the short term (ejpecially the 
evolution of abnormal situations) 

4* The pilot's ebtlity to choose appropriate escape 
routes should an emergency occur. 

The simulations, then, were designed to evaluate these facets 
of awareness under the four display/comrouni cations conditions 
described above. 

II. SIMULATION FACILITIES 

Cockpit 

The basic component of the simulation facility is a fixed- 
base cockpit simHator that uses three cathode ray tubes to 
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produce th^ primary flight instruments and a TSD. The basic 
cockpit was built from an SST prototype donated by the Boeing 
Company, and the interior panels, assorted switches, and in- 
strumentation facsimiles are representative of a Boeing 707- 
123B aircraft. An ADAGE AGT-30 digital computer with 16K 
core memory and a two mi ^rosecond cycle time was used to 
simulate the aircraft dynamics and perform calculations for 
the displays. 

The aircraft dynamics are representative of a Boeing 707 
aircraft; the flight instrument package is patterned after a 
Collins FD-1-9 integrated flight system but does not have the 
flight director. The flight control system simulates control 
wheel steering (an atticude rate comnund system) as is avail- 
able on the newex wide-oody jets. This not only provides a 
uniform flying workload for either maintaining or changing 
altitudes, but in addition, it is felt that th 2 attitude control 
risk with control wheel steering in a fixed case simulator (no 
motion cues) is comparable to that with conventional controls 
m a moving base simulator. 

The experiment was conducted by the simulated air traffic 
controller in on adjacent room. Communications between the 
pi lot-subject and the controller were accomplished through the 
use of standard head sets and intercom lines. Responses from 
other aircraft in the traffic scenarios were stored sequentially 
or. a tape recorder and played back m response to the controller 
commands. The cockpit , controller, display, computei and associ- 
ated hardware are shown in block diagram form in figure 3. 

Traffic Situation Display 

The TSD was presented *n the simulator by a cathode ray 
tuoe masked to a 7" square size. The CRT w^s mounted to the in- 
strument panel where the weather radar is mail/ located in 
a Boema 7' 7. The display presentation was a heading-up own-3hip 
centered forr.at with a four second display information update 
ra* • (Figure 4) . Traffic elements were shown as small circles 
with points at tne centers. Each element was trailed by three 


dots that marked the past position of that aircraft (12, 24 and 
36 seconds previously) . Associated with each traffic element 
was the na£/arts data block showing aircraft identification, 
altitude in hundreds of feet, and ground speed in knots $ the 
own-ship data tag had only ground speed readout* Al*o displayed 
on the CRT were navigation stations, route structure, and ground 
features, providing the pilot with a pictorial display; of his 
geographic position. 

The display controls were mounted to the left of the CRT 
and allowed the pilot to ee^ct the amount of traffic and map 
information by adjecting the volume of displayed airspace and 
limiting the amount of alpha-numeric readouts for each aircraft. 
The major controls were an altitude layer above and below the 
subject aircraft within which traffic would be displayed and 
ranges of 4, 8, 16, 32, 64, and 128 nautical miles. A typical 
group of settings used during ascent and approach phase was 15 
nautical miles range, and a display of other aircraft within 
1000 feet above and 5000 feet below the subject aircraft. 

The presence of the alpha-numeric readout was controlled 
by four toggle switches, which could selectively eliminate 
identification, ground speed, altitude, and the tracer dot 
feature of the other aircraft. These combinations would allow 
the pilot to minimize clutter and to have high resolution in 
the area of special interest to him. 

III. METHODS 

Subjects 

The participants whe flew the simulator for the data runs 
were all professional pilots. Most were licensed air carrier 
pilots; others were military personnel and/or general aviation 
pilots with instrument ratings. All subjects participated on a 
voluntary basis, of the twenty subjects used in the data runs, 
the minimum flight time was 1800 hours, all but three had over 
4000 flight hours, and eleven had over 10,000 flight hours. 
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Ail participants were given a nominal three hour training 
session prior to performing in the data runs. In the training 
run, the subject was required to fly landing approaches to 
Logan Airport, while establishing and maintaining proper sequen- 
cing and precise spacing intervals on the preceding aircraft. 

A subject was considered adequately trained when he demonstrated 
proficiency in maintaining a specified spacing interval of 0.1 
nautical miles and v hen he agreed that he could at least main- 
tain this proficiency through the subsequent evaluation series 
at a I*ter date. Those candidates who felt that they needed 
more than one training session to gain this proficiency were 
given that opportunity, and three of the subjects took advantage 
of this opportunity . 

Experimental Conditions 

As was described in the introduction, there are four exper- 
imental conditions resulting from a 2 x 2 matrix of display/ 
communications possibilities: with and without TSD and simulta- 

neously discrete or shared communications. Henceforth, a display/ 
coimnunications condition will be denoted by X-Y, where X is 
either T or T corresponding to TSD or no TSD and Y is D or S 
corresponding to discrete and shared communications, respectively. 

Except for a subset of experiments with four subjects which 
were arranged in a Latin Square configuration, the D/C conditions 
were not arranged in a balanced experimental design. This 
resulted from the fact that our interest was primarily in deter- 
mining the amount and type of information that the pilots had 
about the other aircraft and their ability to detect and resolve 
blunders, and the T-D congiguration resulted in no information 
to the pilot about other traffic. Thus we concentrated our 
effort on those D/C approaches in which information was available. 

Seven approach simulations were developed providing differ- 
ent dynamic preprogrammed traffic situations at Logan Airport. 

Four featured merging streams of traffic to a single runway and 
three featured independent approaches to parallel runways spaced 


only 2600 feet apart. For each of the single runway simulations 
four different communication dialogues were prepared correspond- 
ing to the four D/C combinations. Thus any D/C combination 
could be used with any of these single runway simulations. For 
the parallel runway set of traffic situations, only two commun- 
ication dialogues were prepared to represent the conditions of 
T-S and T-D. Simultaneous independent approaches to runways 
separated by less than 5000 feet are illegal under today's ATC 
regulations. An effort was made to evaluate the possibility 
that the TSD would contribute to the pilot's acceptance of 
closely-spaced parallel runways. Thus the dialogues without 
the TSD were not of primary interest for these simulations. 

Scenario Development 

In each of the seven basic traffic simulations, all the 
aircraft conformed to the Standard Terminal Arrival Route (STAR) 
chart constructed for this work. The transition routes appeared 
on the TSD along with the three fixes and the two TLS (Instru- 
ment Landing System) courses for runways 04 left and 04 right. 

Prior to each data run, the subject was briefed on his position, 
responsibilities, and tasks, and the D/C system being simulated. 
Responsibilities and tasks were of two general types: 

Without TSD - subject to fly from holding fix to 
localizer in accordance with step-by-step commands 
from the radar controller. 

With TSD - subject to fly from holding fix to localizer 
on designated STAR, achieving and maintaining spacing 
from preceding aircraft as initially specified by the 
radar controller. 

The primary difference, and one that we feel has an influence 
on the results of the experiment, is that the subject must acquire 
and maintain a desiganted spacing from another aircraft, whereas 
this task is not required in those runs made without the m SD. To 
verify this, data from a follow-up study (Melanson, in preparation) 
taken under the T-D format but without the spacing task is included. 



To distinguish between these two groups, the notation T-D(SP) 
and T-D(SP) is used to differentiate the T-D treatments with 
and without the spacing task, respectively. 

Each data run began with a forma] clearance which included 
a weather summary read by the air traffic controller. Thf: 
simulation was begun once the correct response was given. The 
controller then, if the treatment warranted it, read a series 
of commands intermittently directing the pre-programmed targets 
and the subject m the simulator. The commands were timed to 
fit the pre-programmed trajectories, and were sequenced by 
referring to a stop-watch. Responses from the program targets 
were played back from a tape recorder, while the dialogue with 
the subject was, of course, live. 

S top-Action Quiz 

One of the primary goals of this investigation was to 
determine the type of information that the pilot had about other 
traffic within the terminal area. A stop-action quiz was used 
to evaluate this type of information. When the situation had 
developed to ‘‘he extent that a reasonable amount of information 
had been presented to the pilot and the traffic density was 
approaching maximum, tne simulation was halted without warning. 
A given situation was always halted at the same point for all 
subjects. Presentations on the CRTs were blanked. The pilot 
was then required to complete the quiz on a map shown in Figure 
5. The pilot was asked to supply the following information 
about each aircraft in the traffic situation: position, identi- 

fication, landing sequence number, heading, ground speed, alti- 
tude, and 'attitude', i.e. climbing, descending, or maintaining 
altitude. Th^se maps were the primary source of quantitative 
information m the results described below. 

The stop ict ion quiz responses were graded for accuracy and 
completeness . Errors in subject estimates of information compo- 
nents were recorded. Those components which could be graded on 
a right or wrong basis (i.e. identification, landing sequence 


number, and attitude) were scored on a point system. Correct 
responses received a positive point score, while incorrect 
responses received a negative point score. Position error was 
defined as the pilot’s estimate of the position of aircraft 
including his own, with respect to the route structure. For 
all other information components a component error was computed 
by subtracting the estimated value form the true value of the 
particular component. Thus both positive and negative errors 
were possible. Those cases where it was obvious that the sub- 
ject's estimate for a given aircraft had it originating from 
the wrong holding fix, were scored as gross errors. Missing 
entries were recorded as null responses. 

Spacing error was measured to determine the pilot's 
accuracy in estimating the other aircraft positions with 
respect to his own craft. It was computed in the same manner 
as the other information components. 

Blunder Detection 

Four of the seven traffic situations culminated with 
intrusions by other aircraft in the subject's airspace. Each 
intrusion was due to some abnormal event, and evidence of 
those events was provided to the pilot through each of the D/C 
conditions prior to the pause for the stop-action quiz. The 
subjects were required to specify on the quiz whether or not 
the traffic situation was normal. If the blunder intrusion 
had not been detected before the quiz when the subject was 
using the TSD, the simulation was continued until either the 
controller was notified of an intruder, or until the point 
of closes approach had been reached. If the blunder had not 
been detected before the quiz and if the TSD was not being 
used, there was little likelihood that the intrusion could be 
detected subsequent to the quiz and the simulations were not 
continued. Two of the conflict scenarios occurred during 
single runway approach situations, while the other two occurred 
during independent operations on closely spaced parallel runways. 
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one of the single runway approach conflicts was the misin- 
terpretation of a headin change instruction from the approach 
controller. This resulted an a potential collision abeam of the 
subject's own aircraft which at the time was flying on the ILS. 
This blunder could be monitored in all the treatment conditions 
except T-D sxnce the erring pilot read back the wrong heading. 

The second single runway conflict consisted of a radio 
failure and subsequent failure to turn to a new heading, thus 
bringing the intruding aircraft into a head-on collision course 
with the subject's aircraft. 

The parallel runway conflicts were both essentially To*S 
crossover blunders. The first conflict had the intruding air- 
craft overshooting his ILS and acquiring the subject's ILS. The 
second blunder had the intruding aircraft veering sharply from 
his ILS towards the subject aircraft after both craft had passed 
the outer marker. 

Workload Measurements 

Foui of the subjects participated in a standard Latin Square 
co unterb; lanced for order effects-. These subjects participated 
in four runs» one for each of tht possible D/C combinations. A 
low intensity light was placed a: a point which subtended equal 
visual angles from the center of the primary flight instruments 
and the TSb. An auxilliary self-paced task was presented to the 
subjects by having them extinguish the light whenever they not- 
iced that it was on. The light would come on at random intervals 
(mean of 10 sec uds after it wa* last extinguished) and the sub- 
would respond by tripping a switch on the control wheel. The 
measure of workload was taken r s the response latency in extin- 
guishing the light when compared with the mean ”unioaueu** response 
latency obtained when the subject fixated on the center of the 
primary flight instruments anc was performing no other tasks. 


IV. RESULTS 



This section summarises the results of the stop-action 
quiz (SAQ) for the various information components/ thus ad- 
dressing the first two points of the presented definition of 
pilot awareness (and consequently, pilot assurance). The data 
is presented in such a way as to show general trends in the 
Pilot's ability to estimate aircraft information components as 
a function of relative landing sequence (RLS), which ie defined 
as follows: All aircraft in the landing sequence are indexed 

with respect to the subject's aircraft which is "O*. The air- 
craft just ahead of the subject in the sequence is designated 
as "+1", while the aircraft just behind is designated "-l". The 
aircraft two slots ahead and behind in the sequence are indexed 
"+2“ and "-2", respectively, and so forth. Generally, there 
were four or five aircraft including the subject in the landing 
sequence ranging from -1 to +3, however only the -1 through +2 
aircraft will be considered here. 

The manner in which the data is summarized reflects the 
assumptions that were made during analysis. These assumptions 
were: l) The four scenarioB UBed during the experiment were 

representative of the entire ensemble of possible 
scenarios# 

2) All subject-pilots were representative of a 
homogeneous group of equal abilities and 
motivation. 

It is realized that this data summary format obscures some of the 

TtZolTlll 7* Ct * ^ lnf0t,Wlti0n C ° mPOnent however 

lpa«d 3 mSanB ^ WhiCh ^ ^tions can be 

. . Data 3UnUtta *y tables consisting of the mean error 

restive ** V *® ti0n P* rcent nul l responses as a function of 
re ative landing sequence have been prepared for the position 

spacing , altitude, ground speed and heacing information components 



(see tables 1-9) . In addition, composite graphs for the com- 
parison of mean error responses as a function of RLS for these 
information components have been generated. Similar composite 
graphs have been developed for null responses and gross errors 
(Figures 7-13) . 

To determine statistical significance, a simple analysis 
of variance was performed between aircraft (RLS) for a given 
treatment condition and between treatment conditions for a 
given aircraft. The results of this analysis are summarized in 
Tables 6 and 7. Statistical variation was judged as either not 
significant (n.3«), significant at the five percent level (5%), 
or significant at the one percent level (1%) using standard F 
ratio tables. The data for the identification, landing sequence 
and altitude are not summarized here but are discussed later. 

Blunder Detection 

The blunder detection results for the single runway approach 
scenarios and the oarallei runway approach scenarios are co'Heoted 
in Tables 8 and 9. Contingency tables indicating the statistical 
significance between treatment conditions with and without the 
TSD and with and without the spacing task are shown in Tables 10 
and 11. 

The T-S, T-D(SP) and T-D(SP) treatment conditions were tested 
in the first blunder case while the T-S and T-D(SP) were used in 
the second. 

For the single runway case the table indicates how many 
subject-pilots detected the conflict before or at the stop-action 
quiz (SAQ) as well as before or at the closest poi.it of approach 
(CPA) . 

For the parallel runway case, the number of detections at 
or before the uncorrected CPA for each treatment condition tested 
(T-D(SP) and r-D(SP) ) is recorded. The uncorrected CPA is taken 
to oe the closest point of approach of the intruding aircraft had 
the subject not performed an avoidance manuever. 


Workload Measurement 


The statistics for the perceptual sidetask response laten- 
cies are presented n Figure 14 for each of the treatment condi- 
tions tested (f-D, f-S, T-S, T-D(SP)) plus the unloaded (UNL) 
condition. A logarithmic transformation was done on each response 
delay in order to normalise the reaction time distribution. The 
mean log response times and standard errors were then transformed 
back to a linear scale. 


A workload index (wi) was defined as 


WI « 1 


V«L 


where was defined as the mean 
particular treatment condition in 
the mean loaded response time, a 
a higher workload level. 


unloaded response time for the 
question and was defined as 
higher value of wi indicates 


A graph of WI versus information (INF) is plotted in Figure 
15. Here information is defined as 


INF « 1/e 2 

where S* is the mean squared spacing error taken over all aircraft, 
units of IN"* are therefore (nautical miles) 2 . 


Vs DISCUSSION 


Information Components 

The quality of information component responses is highly 
dependent upon the accuracy and completeness of the pilot's in- 
ternal model of the air route structure and traffic environment 
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and the information sources available to him. The shared 
communications channel allows the pilot to monitor air traffic 
control (ATC) radio transmissions. These transmissions give 
the pilot specific indications of the information components of 
the surrounding aircraft. A communication concerning any given 
information comt>onent of any given aircraft occurs rather in- 
frequently. In fact such a transmission occurs only when a 
change in that component is desired by the approach controller. 
The lack of visual presentation of information requires that 
the pilot use his memory for the storage of the information 
components. Moreover, if the pilot has no other means of mon- 
itoring traffic motion, he must assume that each aircraft is 
following instructions. This ass mption is not always justified, 
especially in the case of blunders. 

The TSD on the other hand, provides the pilot with a nearly 
continuous source of information, but by its nature requires 
that the pilot specifically seek out a desired information com- 
ponent. In addition, the display acts as an auxiliary memory, 
thus eliminating the necessity of memorizing information compo- 
nents . 

The addition of the shared communication channel information 
source to the TSD presentation augments information transfer by 
providing a periodic readout of commanded information component 
values, i.e. changes in these values. The pilot can then compare 
these commanded values with the actual values and can therefore 
confirm that the other aircraft are behaving correctly. In ad- 
dition, verbal cues such as a heading readback error or a failure 
to reply to a transmission, can be used to draw his attention to 
an abnormal situation. 

Requiring the pilot to performaa spacing task with respect 
to the +1 aircraft has a tendency to focus most of the pilot's 
attention on that aircraft. This fact is most evident in the 
T-D (SP) treatment as indicated in the composite graph for the 
mean position error and the position null responses (Figures 7 


ana 8) . When the spacing task is removed, as is the case for the 
T-D(SP) treatment, position estimation accuracy becomes a mono* 
tonically decreasing function of landing sequence. The null re- 
sponse curve retains the same basic form, but the number of null 
responses for the -1 and +2 aircraft decrease while those for the 
-1 aircraft increase slightly. 

The mean position response plot tor the T-S treatment which 
also has a spacing task dees not follow the same trend as the 
T-D (SP) treatment, however a comparable null response pattern 
occurs. It is believed that communication transmissions concern- 
ing the -1 and +2 aircraft which occur prior to the stop-action 
quiz and which place these aircraft leaving a holding fix (-1 
aircraft) and acquiring the ILS (+2 aircraft) aid the pilot in 
estimating the positions of these craft. 

As a consequence of the air route structure used in the 
simulations, the other information component? (altitude, ground 
speed, and heading) change rather infrequencly and in a generally 
predictable way (except of course for abnormalities). When these 
components change to their new values, however, they usually 
change fairly rapidly, thus requiring a high sampling rate on the 
part of the pilot in order to effectively monitor these changes. 
The increased sampling rate is clearly impossible under the T-S 
treatment, but is possible when the TSD is employed. 

It happens that at the time of the SAQ, some information 
parameters of some aircraft are in transition, while others are 
relatively stable. The errors in the responses for these compo- 
nents reflect this fact (see Figures 7-13) . At the time of the 
SAQ, the -1 aircraft was always descending at a rate of about 
2000 fpm, while the +1 aircraft was usually flying straight and 
level or descending at a slower rate of about 500 fpm. The +2 
aircraft war almost always flying straight and level on the ILS 
but not yet on the qlideslope. These facts seem to account for 
the trends observed in the altitude data. 

In the case of ground speed at the SAQ, the -j. aircraft was 
generally reducing to 10 knots. At this point, the +2 aircraft 



was usually reducing to 160 knots. At the quiz point during 
some scenarios, the -1 and +1 aircraft had just turned to a 
new heading while the +2 craft was established on the ILS (thus 
making its heading that of the ILS) . 

Responses to aircraft identification were comparable and 
quite good for all treatment conditions. This is not surprising 
since there were only a small number of aircraft in each scenario. 

The munber of correct responses to the landing sequence 
component were compaiable and quite high for those cases with the 
TSD, but were quite poor when the TSD was not employed. This fact 
strongly indicates the superiority of the visual display in allow- 
ing the pilot to extrapolate the evolution of the traffic situation 
and conversely, the difficulty in doing this on the basis of aural 
information alone. 

The attitude espouses showed no discemable trend and the 
very high number of null responses indicated hhat the pilots did 
not take this component into consideration or at least thought 
that it was implied in the other information components. 

Blunder Detection 

The culprit in the heading command readback error was the -1 
aircraft. The T-S treatment required that the pilots pick up the 
transmission cue (i.e. the readback error) in order to detect the 
blunder. If they missed this cue thay would have no other oppor- 
tunity to detect the conflict. The T-D(SP) and T-D(ST) conditions 
did not have the communications cue, but they - d allow the pilot 
to monitor the development of the abnormal situ ion that was a 
consequence of the readback error. 

In the radio f ai lure-track deviation conflict simulation, 
the intruding aircraft was the +1 aircraft. The T-S treatment 
provided a communication cue as well as the TSD presentation. 

The T-D(SP) treatment group did not have the transmission cue. 

To the extent that these blunder scenarios are in some way 
representative, some conclusions can be drawn concerning the pilots 


conflict detection capabilities under the different treatment 
conditions. At least during instrument meteorological conditions 
it seems evident tnat the TSD provides the pilot with a more 
effective means of detecting potential conflicts them currently 
available to him (see Tables 8 and 10). The addition of the spac- 
ing task seems to focus the pilot's attention on the -1 aircraft 
and therefore detracts from his ability to detect abnormalities 
associated with the other aircraft. 

The only two treatments compared during the parallel 
runway simulations were T-D (SP) and T-D (§F) . This effectively 
compared pilot performance both with and without the spacing task. 

It would seem apparent (see Tables 9 and 11) that the 
.nclusion of the spacing task detracts from the pilot's ability to 
unitor the adjacent aircraft effectively by drawing most of his 
ittenticn from the conflict detection task to the spacing task. 

It is recognized that conflict detection in itself is 
insufficient because enough lead time must be provided in order that 
the pilot be given an adequate opportunity to execute an avoidance 
a anuever. This important problem is not discussed here, but is 
reported elsewhere (Howell 1972; Melanson, in preparation). 

Workload Measurement 

The perceptual workload versus information plot (Figure 15) 
indicates comparative values of workload and information for the 
four treatment conditions. Subjects in the T-D condition had 
zero information (infinite variance) about aircraft other than 
their cwn. Since they did not have to monitor the TSD, their 
perceptual workload was relatively small. 

In the T-S condition, the subjects had an aural source of 
information input. As a result, their know adge of surrounding 
traffic was improved over that of the subjects ir th«? T-D condi- 
tion. Al -hough the T-S p’ lots did not have to monitor the TSD, 
the fact that they were receiving auditory distractions resulted 
in an increased workload index level. 
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In the T-D(SP) treatment, subjects had visual but no aural 
information about other aircraft. In fact, monitoring the TSD 
for spacing and sequencing tasks was a primary pilot re spons ibility 
m thi.3 condition. It can be seen that although the pilot’s in- 
formation aboat his surroundings was susbstantially improved, this 
improvement was gained at the cost, of a significantly higher work- 
load. 

During simulations run under the T-S treatment c editions 
the pilots had both a visual and an aural information source. As 
a result, the measured information for this treatment was higher 
than all other treatments and the workload index is high (but 
lower than the T-D(S?) treatment). The increased information 
and decreased workload can be attributed, we think, to the ad- 
dition of redunt aural information leading to less reliance on 
the visual modality, which was, of course, the same modality as 
the side task. In an analysis of variance of the response Limes, 
the D-C interaction was significatn (p < .01), i.e. going from 
discrete to shared communications without the TSD increases the 
workload index while going from discrete to shared communications 
with the TSD decreases the workload index. 

VI. SUMMARY AND CONCLUSIONS 

We have evaluated the transfer of. traffic and navigation in- 
formation to a pilot in a fixed-base simulation. The experimental 
conditions were derived from the combinations of with/without TSD 
and shared/discrete address communications. Dependent variable** were 
the information components of other traffic (position, attitude, etc) 
scanning workload, and the detection of blunder j. 

Analysis of variance showed ?*ost of the information <jompone,>ts 
to be sensitive to the display-communications configuration and the 
landing sequence number relative the subject aircraft for the 
scenarios and the time of the stop action quiz. 

The workload index shows a significant main effect for displays 
and a significant display- communication interaction (adding shared 


communications without a display increases workload, but de- 
creases workload when the display is present.) 

The ability to detect intruders in the subject's airspace 
was found to depend significantly on the display condition (with 
or without) . The ability of a pilot to detect a blunder while 
performing a spacing task is significantly worse than when the 
spacing task is not required. 
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Finn 4. sample Display 
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FIGURE I, STOP-ACTION QUIZ MAP 



TABLE I. POSITION ERROR (Nautical Mi lea) 
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TABLE 2. SPACING ERROR (Nautical Milas) 
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"'ABLE 3. HEADING ERROR (Dagraas) 
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TABLE «. G NOUN DEPEND ERROR (knots) 



RELATIVE LANDING SEQUENCE 
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FABLE 5. ALTITUDE ERROR (Peat) 
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TABLE 6. RESULTS OF ANALYSIS OF VARIANCE BETWEEN TREATMENT 
CONDITIONS FOR A GIVEN AIRCRAFT 



RELATIVE IiAMDIHO SEQUENCE 

•1 

0 
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It 
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It 

ALTITUDE 

it 


it 
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TABLE 7, RESULTS OF ANALYSIS OF VARIANCE BE TW E E N 
AIRCRAFT FOR A GIVEN TREATMENT CONDITION 
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TABLE 9 . CONFLICT DETECTION DURING 
INDEPENDENT OPERATIONS ON 
CLOSELY SPACED PARALLEL 
RUNWAYS 


CONFLICT 

DESCRIPTION 

TREATMENT 

CONDITIONS 

£ 

8KTKCTZON 



NO. OF 
TRIALS 

repom 

OR AT 
CPA 

ACQUISITION 

A» UWlMf! 

TD(SP) 

7 

7 

ur ft iwwu 
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1J 

11 

SUDDEN ILS 
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7 

4 


TD(5f) 

8 
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TABLE 10 . 


WITH TSD WITHOUT TED 


DETECTED 

57 

1 

UNDETECTED 

3 

9 


X* - 42.1 (p < .001) 

d.f. - 1 


TABLE 11. 


TSD WITH TSD WITHOUT 

SPACING TASK SPACING TASK 
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IS 
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6 
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